INTRODUCTION
Breakage of guidewires during interventional procedures is a rare event (1) (2) (3) . A few cases of its occurrence have been reported, but not in the neurointerventional field. This paper reports on two cases of guidewire fracture during neurointerventional procedures. We describe causative factors and suggest several technical tips for avoidance of this problem.
CASE REPORTS Case 1
A 47-year-old woman with an un-ruptured ophthalmic artery aneurysm in the left internal carotid artery (ICA) We report on two cases of microguidewire breakage that occurred during endovascular treatment of intracranial aneurysms. The microguidewire can be broken when a part of the wire is stuck due to vascular tortuosity, and, subsequently, application of excessive rotational movement. The mechanical and physical properties of a microguidewire are also important factors in microguidewire breakage. We also suggest technical tips for avoidance of this problem. Index terms: Aneurysm; Microguidewires; Mechanical properties was treated with endovascular coiling under general anesthesia. The aneurysm measured 5 mm in size and was superomedially directed. Conjoined with a guiding catheter (Envoy 6 Fr, Codman, MA), a microcatheter (Prowler 14, Codman, MA; 0.4 mm inner diameter) with a microguidewire (Transend 014, Boston Scientific, MA; 0.37 mm outer diameter) was used in selection of the aneurismal sac. Initially, several attempts were made to select the aneurysm using the steam-shaped microcatheter and microguidewire. However, due to the tortuosity of the ICA, entry into the aneurysm sac was very difficult. During this process, the wire was rotated many times in a clockwise and counterclockwise direction. At one point, we noticed that the tip no longer moved with the rotation of the guidewire. The distal part of the wire was fractured (Fig. 1A) . Using a microsnare (Microvena, Boston Scientific, MA), it was successfully removed without complication (Fig. 1B) . The aneurysm was then selected using a new guidewire and successfully coiled without further problems.
Case 2
A 65-year-old female patient with a ruptured anterior communicating artery aneurysm was treated with endovascular coiling. Conjoined with a guiding catheter (Envoy 6 Fr, Codman, MA), a microcatheter (Excelsior Guidewire Breakage during Neurointerventional Procedures 14, Boston Scientific, MA; 0.67 mm inner lumen) with a microguidewire (Agility, Codman, MA; 0.36 mm outer diameter) was used to access the aneurysm sac. The ICA of the patient was very tortuous and the guidewire was not stable enough to support aneurysm selection. The guidewire was thus changed to another one (Transend 014, Boston Scientific, MA; 0.37 mm outer diameter). The new guidewire was rotated many times by the operator for selection of the proximal anterior cerebral artery. As in the previous case, at some point, the distal guidewire tip did not move with manual rotation of the proximal part. Again, the broken guidewire remained within the ICA lumen. The fractured end appeared to be stuck in the ICA wall ( Fig. 2A) . Microsnares (Microvena, Boston Scientific, MA) were used for removal of the broken guidewire, but failed to capture it. The procedure was ended after confirming that there was no flow disturbance or any complications associated with the remaining wire part in the ICA. The patient was sent to the operating room and surgical aneurysm clipping was successfully carried out. Surgical removal of the broken guidewire was not attempted. 
DISCUSSION
Microguidewires for neurointervention are commonly used for complex and intricate intracranial vascular pathology; therefore, they must meet a high standard of quality. These guidewires are frequently subject to multiple strong axial and lateral stresses that can cause bending and kinks. Repeated overextension or excessive rotational movement can also cause failure of guidewire components. The mechanical and physical properties of an optimal microguidewire are important facets of their quality. Using torsion-testing equipment, Ceschinski et al. (4) measured the torsional rigidity of various guidewires on the market. They found significant variation in torsional rigidity, depending on materials and design characteristics. The fractured guidewire in our series was the Transend EX 014 (Boston Scientific, MA). The basic structure of this microguidewire consists of a scitanium alloy core metal, which is covered with polyurethane. As an experiment, the authors rotated the Transcend microguidewire many times in one direction within a microcatheter, which is placed on a table with simulation of the tortuosity of the carotid artery and cerebral arteries (Fig. 2B, C) . We found that the outer polyurethane sheath at the middle or distal part of the wire became twisted segmentally with manual rotation of the proximal wire part (Fig. 2B) . After 20-30 rotations in one direction, the inner metal core was often fractured too. This twisting and fracturing occurred only when the microcatheter was placed as if in simulation of vascular tortuosity. In this situation, a part or parts of the guidewire became relatively fixed to part of the microcatheter lumen. As a result, rotational force can be transmitted unevenly through the microwire. Consequently, the fixed part does not rotate while the proximal part does. This discrepancy in rotational motion causes the two components (the core metal and the outer polyurethane cover) to move separately. The outer part is twisted more than the inner metal core. Soon, the inner metal core begins to become twisted; if excessive, it can be fractured (Fig. 2C) . As the same guidewire has been fractured in several neurointerventional cases, we suspect that the Transend guidewire is more brittle than guidewires produced by other companies.
Technical errors committed by the operator are another important cause of guidewire fracture. In the cases reported here, excessive torsional rotatory manipulation or handling, especially in one direction, was the apparent cause of the wire fracture. To avoid this complication, operators need to make note of or recognize how they manipulate microwires during the procedure. If vessels are particularly tortuous, they should be more careful. Excessive rotation of the microguidewire may cause its fracture.
CONCLUSION
We report on microguidewire fracture during neurointerventional procedures in two patients with severe vascular tortuosity. Operators should understand the mechanical and physical characteristics of commonly used microwires, and should try to avoid excessive manipulation that could exceed the capacity of the device.
